(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

02.01.2002 Bulletin 2002/01 

(21) Application number: 01305634.6 

(22) Date of filing: 28.06.2001 



(ID EP 1 168 657 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.': H04B 7/005 



(84) Designated Contracting States: 


• Morimoto, Akthito 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Yokohama-shi, Kanagawa 236-0031 (JP) 


MCNLPTSETR 


• Sawahashi, Mamoru 


Designated Extension States: 


Yokohama-shi, Kanagawa 236-0052 (JP) 


AL LT LV MK RO SI 






(74) Representative: 


(30) Priority: 29.06.2000 JP 2000197375 


Beresford, Keith Denis Lewis et al 


BERESFORD & Co. 2-5 Warwick Court, High 


(71) Applicant: NTT DoCoMo, Inc. 


Holborn 


Tokyo 100-6150 (JP) 


London WC1R 5DH (GB) 


(72) Inventors: 




• Higuchi, Kenichi 




Yokusuka-shi, Kanagawa 238-0313 (JP) 





CM 
< 

m 

CO 

00 
CO 



(54) Transmission power control method 

(57) A reception error rate of a received signal is de- 
tected; the detected reception error rate is compared 
with predetermined target reception error rate; the SIR 
(the ratio between the target received signal power and 
the interference power), or the target reception power is 
corrected based on the result of the comparison; the 
control signal (TPC control bit) for transmission is set so 
that the transmission power can be controlled to a pre- 
determined target value based on the SIR or the target 
reception power value. 
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Description 

[0001] The present invention relates to a transmission power control method and a mobile communication system 
which can be applicable to a CDMA system (especially, a DS-CDMA transmission system) wherein the multiple-access 

5 can be performed by using spread spectrum in mobile communication, 

[0002] A conventional CDMA transmission system, such as a DS-CDMA transmission system, is a method in which 
secondary modulation for spreading a modulated information data signal by spread code at a high-speed rate is per- 
formed so that a plurality of communicators can communicate each other by using a common frequency band and 
each communicator is identified based on the spread code. 

10 [0003] Therefore, in a receiver, it is necessary a received wide-band input signal must be converted to a narrow- 
band signal through inverse spread process before performing conventional demodulation process. In the inverse 
spread process of the receiver, the correlation of a received signal with a spread code replica synchronized with the 
spread code phase of the received signal is detected. In the DS-CDMA transmission system, since all the communi- 
cators use a common frequency band, the capacity for the subscribers is dependent on "SIR" (the ratio between the 

15 received signal power for desired wave and the interference power necessary for obtaining the predetermined receive 
error rate). 

[0004] The problem when the DS-CDMA transmission system is applied to mobile communication is so-called "per- 
spective problem" characterized by that the level of a signal received by a base station vary largely according to each 
mobile station (i.e., a signal of the mobile station near to the base station is received at higher power), and that a 
20 received signal at a high level in the mobile station interferes with a received signals from other mobile stations, causing 
the deterioration of reception quality. 

[0005] A solution as to the above perspective problem is that the transmission power control has been proposed. In 
general, in the transmission power control method, transmission power of each mobile station is controlled so that the 
received signal power from the each mobile station received by the base station or SIR (the ratio between the received 
25 signal power and the interference power) is given regardless of the position of each mobile station, thereby obtaining 
the equitable communication quality within a service area. 

[Problems of Prior Art] 

30 [0006] The mobile communication cellular services, which utilize the DS-CDMA that commercial service has been 
put and has been published in a few years, are as follows: IS-95 |TI A/El A/I S-95 "Mobile Station-Base Station Com- 
patibility Standard for Dual-Mode Wide band Spread Spectrum Cellular System", "Telecommunication Industry Asso- 
ciation, July 1993.], W-CDMA [F. Adachi, M. Sawahashi, and H. Suda, 'Wideband DS-CDMA for Next Generation 
Mobile Communication System" IEEE Commun. Mag., Vol. 36, pp. 56-69, Sept. 1998] and the like. 

35 [0007] In these systems, in order to improve the performance of each system, channel coding (error correcting code), 
rake diversity reception method or the coherent demodulation method by using the pilot signal as well as the previous 
mentioned transmission power control can be used. 

[0008] The performances of the channel coding, the rake diversity reception and the coherent demodulation by using 
the pilot signal vary depending on the number of multipath in the actual propagation path and the speed of the mobile 
40 station (phasing variation rate) or the like. For instance, in general, the effect of the channel coding increases relative 
to the increase of the speed of the mobile station. Further, on the contrary, in the case of the coherent demodulation 
using the pilot signal, the increase of the speed of the mobile station causes degradation in the accuracy of the amplitude 
and the phase of the received signal using the pilot signal, resulting in worsening of the reception error rate after 
demodulation. 

45 [0009] Thus, in actual propagation path, even though the received signal power or the SIR is controlled to a fixed 
value by means of the transmission power control, the effect of channel coding, the effect of rake diversity effect, the 
accuracies of the estimation of amplitude and phase of the received signal using the pilot signal varies according to 
time variations such as the number of multipath and the velocity of the mobile station (phasing variation velocity), and 
so it becomes impossible to maintain a constant reception quality (reception bit error rate or reception frame error rate). 

so [0010] Further, in the case of the mobile communication cellular service using the DS-CDMA, one of the above 
literatures (IS-95, W-CDMA, etc.), the soft handover (site diversity) in which the hit-free high-quality reception can be 
realized is used. 

[001 1] In this case, for the up-link (a link comprising a mobile station as being a transmission side and a base station 
as being a reception side), the received signal in each base station is synthesized by radio network controller (RNC) 
55 as a station of higher hierarchy, thus improving reception quality. Therefore, when the target of the received signal 
power based on the transmission power control by each base station or the SIR is constant, the reception quality 
without side diversity becomes worse than that with the side diversity 

[0012] An object of the present invention, in the cellular communication using the CDMA transmission system (es- 

s 
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pecially, the DS-CDMA), is to provide a transmission power control method and a mobile communication system in 
which transmission power control capable of realizing a constant reception quality (communication quality) can be 
performed regardless of the change in the propagation environment such as the change in the number of the multipath, 
the mobile station velocity or the like. 
5 [001 3] Another object of the present invention, in the cellular communication using the CDMA communication system 
(especially the DS-CDMA), is to provide a transmission power control method and a mobile communication system in 
which transmission power control capable of realizing a constant reception quality (communication quality) can be 
performed regardless of the change in the transmission and reception conditions such as the presence or absence of 
the site diversity reception. 

10 [0014] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings. 

i 

Fig. 1 is a flowchart showing the relationship of Figs. 1A and 1B; 

Figs. 1 A and 1 B are block flowcharts showing an example of the data processing for the transmission power control 
15 as a first embodiment of the present invention; 

Figs. 2A to 2C are explanatory diagrams showing an example for correcting the target SIR value (example 1), in 
the power transmission control; 

Figs. 3A and 3B are explanatory diagrams showing an example for correcting the target SIR value (example 2) in 
the transmission power control; 
20 Figs. 4A and 4B are explanatory diagrams showing an example for correcting the target SIR value (example 3) in 

the transmission power control; 

Fig. 5 is an explanatory diagram showing the composition of the signal frame; 

Fig. 6 is a flowchart showing an example of the data processing for the transmission power control as the second 
embodiment of the present invention; 
25 Figs. 7 A to 7C are explanatory diagrams showing an example for correcting the target frame error rate of the base 

station (example 1) in the power transmission control; 

Figs. 8A and 8B are explanatory diagrams showing an example for correcting the target frame error rate of the 
base station (example 2) in the transmission power control; and 

Figs. 9A and 9B are explanatory diagrams showing an example for correcting the target frame error rate of the 
30 base station (example 3) in the transmission power control. 

[0015] The embodiments of the present invention will be described in detail referring to the drawings. 
[The First Embodiment] 

35 

[0016] The first embodiment of the present invention will be described referring to Figs. 1 A and 1 B to 5. 
(Outline) 

[0017] First, the outline of the present invention will be described below. 
[0018] An outline of the present invention will be described below. 

[0019] In the cellular communication using the CDMA communication system (especially the DS-CDMA), all the 
communicators use a common frequency band, and this make the received signal of each communicator interfere with 
one another. Thus, in order to increase the subscription capacity (or the number of the communicators allowed to 

<5 communicate with one another simultaneously), it is important for each communicator to transmit respective signal by 
using a minimum transmission power necessary for obtaining a predetermined reception error rate. 
[0020] If the target reception power or the target reception SIR (i.e., the ratio of the received signal power to the 
interference power) in transmission power, necessary for obtaining a predetermined reception error rate according to 
the propagation environment of each communicator (mobile station), can be varied, the transmission power of each 

50 mobile station can be controlled at a minimum so that subscriber capacity can be increased compared to the case 
where the target reception power or the target reception SIR is maintained constant. 
[0021] Here, the system relating to the present invention will be explained. 

[0022] The present invention relates to a mobile communication system to operate on the CDMA (Code Division 
Multiple Access) transmission system in which a multiple access transmission is performed by producing a spread 
55 signal with a wide band by means of a spread code of a higher transmission rate than the information transmission 
rate, e.g., a direct spread CDMA (hereinafter referred to as DS-CDMA). 

[0023] Here, in the receiving apparatus, when the transmission power is controlled periodically so that the ratio of 
the received signal power to the interference power (SIR) in the received signal from the desired communicator (trans- 
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mitter), a target reception SIR, or a target reception power value is given, the reception error rate (i.e., reception bit 
error rate, or reception frame error rate) of the received signal from the desired communicator is detected; the detected 
reception error rate is compared with the predetermined target reception error rate, and the target reception SIR value 
or the target reception power value for the transmission power control is corrected and is controlled based on the result 
5 of the comparison. 

[0024] Further, in the transmission power control method, in correcting and controlling the target reception SIR value 
or the target reception SIR value for the transmission power control based on the result of the comparison of the target 
reception error rate and the detected reception error rate, the target SIR value or the amount of correction of the target 
reception power value can be variable. 
w [0025] The embodiments of the present invention will be described in the following. 

(Composition of the Signal) 

[0026] Fig. 5 shows an example of the composition a signal frame used in the mobile radio communication system 
15 according to the present invention. 

[0027] As shown in Fig. 5, 1 frame 10 of the signal includes 15 slots 20. Each slot 20 comprises pilot unit 30 including 
4 pilot signals (signal whose modulation component is known) used for synchronous detection or the measurement of 
the SIR, a TPC control bit 40 for transmission power control (TPC) and a data unit 50 composed of 36 data signals, 
all of which are multiplied on time basis. 

20 

(Reception Error Rate: Frame Error Rate/Bit Error Rate) 

[0028] Next, the reception error rate of the signal shown in Fig. 5 will be explained. 

[0029] The reception error rate can be divided into the frame error rate and the bit error rate. 

25 

(Frame Error Rate) 

[0030] The frame error rate can be expressed as 

30 

Frame Error Rate = 

(Number of Error Frame)/(Total Number of Frame) (1 ) 

35 [0031] For example, assuming that the number of the frame 10 to be received in a fixed period of time be 100, of 
which 5 are error frame, the frame error rate can be determined on the bases that the total number of frame = 100, 
and the number of error frame = 5. 

[0032] Whether the frame is wrong or right can be determined, for example, by sending a signal coded according to 
generally known "Cyclic Redundancy Check (CRC)" to the data unit 50 composed of 16 slots 20 within the frame 10 
40 and by decoding the CRC code at the receiver side to identify whether the result of the transmission is OK or NG. 

[0033] If the result of decoding of the CRC code is NG, it is determined that at least one of the data signals of the 
data unit 50 of the 1 6 slots 20 within the frame 10 is wrong, and the frame 10 is counted as a wrong frame. 

(Bit Error Rate) 

45 

[0034] The bit error rate can be expressed as 

Bit Rate Error = 

(Number of Bit Error)/(Total Number of Bit) (2) 

For instance, assuming that the number of bits to be received in a fixed period of time is 100, of which 5 bits are wrong, 
the bit error rate = 5 out of 100 bits. 
55 [0035] Whether a given bit is wrong or not can be determined by going through the following steps. First, the received 
bit series is inputted to an error-correction decoder to obtain the corrected and decoded bit series. Then, the corrected 
and decoded bit series is inputted to an error-correction encoder, which is similar to one used for a transmitter, to obtain 
a coded bit series. The coded bit series obtained by going through the above steps must be identical with the originally 
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received bit series, provided that all the errors have been corrected by error correction process. 
[0036] Therefore, the bit error rate of the signal can be determined approximately by comparing the coded bit series 
after being decoded with the original received bit series to find the probability at which different bit occurs. 
[0037] The term "approximately" used here is based on an assumption that the reception error becomes 0 by cor- 
5 recting the reception error. In practice, however, when the received bit error rate is defined as a level of 1 0* 3 after being 
corrected, the received bit error rate remains at a level of about 10* 1 ~10- 2 before being corrected, and then the effect 
of the error included in the bit after being corrected can be disregarded. 

(Transmission Control)' 

10 I 

[0038] Next, Figs. 1A and 1 B are flowcharts showing the example of the data processing for the transmission power 
control system according to the present invention. 

[0039] Since the process in the up-link (transmission side of the mobile station -> reception side of base station) and 
the process in the down-link 

15 (transmission side of base station -> reception side of mobile station) are basically identical with each other, the following 
explanation will be made referring to an example of the transmission power control of the up-link. Further, note that, 
in Figs. 1A and 1B, the present embodiment is characterized by the steps S11 to S14. 

[0040] In Figs. 1 A and 1 B, first, in the base station, an instantaneous ratio of the received signal power to the inter- 
ference power (SIR) is measured on the basis of the received spectrum spread signal from each mobile station (com- 
20 municator) at step S1. In this case, the SIR measurement method can be performed by using a well know technique 
published in the literatures or the like. 

[0041] Then, in step S2, the measured value of the instantaneous SIR is compared with the target SIR set for the 
mobile station. 

[0042] Further, in step S3, the transmission power control (TPC) bit for controlling the transmission power of the 
25 mobile station is transmitted on the basis of the result of the comparison. 

[0043] In the steps S4 and S5, in the mobile station, the transmission power is varied based on the received trans- 
mission power control bit. 

[0044] In the case of a normal binary control, the control is performed as the following steps, where 

30 1 ) measured SIR value > target SIR: 

the base station transmits a command for "downing" transmission power 
the base station lowers the transmission power by 1 dB. 

35 2) other conditions are given: 

the base station transmits a command for "upping" transmission power -> 
the mobile station raises the transmission power by 1 dB. 

40 [0045] By this control, the reception SIR at the base station will always take a SIR value close to the target SIR. In 
the case of the mobile communication cellular service by using the DS-CDMA transmission system, the period of the 
transmission power control is set to about 1000 times/second, thereby compensating the fluctuation of the reception 
level caused by phasing peculiar to the condition of the mobile communication environment as well as controlling the 
decline of the reception quality. 

45 [0046] In step S11,in base station, the received spectrum spread signal (received signal) from each mobile station 
(communicator) is demodulated. 

[0047] Then, in step S12, the frame error rate of the signal, which is demodulated as an index of the reception quality, 
is measured. 

[0048] Here, an example for measuring the frame error rate will be described in the following. 
so [0049] In the mobile station, the transmitted signal is encoded by using the generally known cyclic redundancy check 

(CRC). In the base station, the coded signal by the CRC is decoded for each frame. If the result is OK, it is determined 

that the error of the frame is free. In the event of NG, it is determined that the error of the received frame is occurred. 

[0050] In the base station, in the case of a certain number of frame, N of each mobile station, the number of 

frame, N error , by which the result of the CRC becomes NG, is counted to measure the frame error rate. That is, the 
55 frame error rate = N err0 /N ^me- ' * " " " 

[0051] In step S13, in the base station, the measured frame error rate is compared with the predetermined target 

frame error rate is compared. 

[0052] In step S14, the target SIR value by the conventional transmission power control set in each mobile station 
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is corrected based on the result of the comparison. The correction of the target SIR value can be performed at intervals 
of 0.1 second-several seconds, since the correction is dependent upon the change in the propagation condition of 
each mobile station. 

5 (Example of Correction) 

[0053] Next, Figs. 2A to 2C through 4A and 4B show an example for correcting the target SIR value in the transmission 
power control. 

10 (example 1) 

[0054] Figs. 2A to 2C show the example 1 . 

[0055] In the example 1, the target SIR value is corrected based on the result of the comparison of the measured 
frame error rate = N er ro/ N frame w 'th * ne target frame error rate ~ T error / N frame* 
is [0056] That is, where 

1) the measured frame error rate ^ target frame error rate, i.e., 

N error ^ T error , -> the target SIR is increased by A up dB. 

2) the measured frame error rate < target frame error rate, i.e., 
20 N error < T error , -> Target SIR is decreased by A down dB. 

[0057] That is, if the measured frame error rate is worse (greater) than the target frame error rate, the target SIR is 
increased. However, if the measured frame error rate is better (smaller) than the target frame error, the target SIR is 
decreased. 

25 [0058] In general, the greater the target SIR, the greater the actual reception SIR becomes, thereby improving the 
reception quality. On the contrary, the smaller the target SIR, the smaller the actually received SIR becomes, resulting 
in the decline of the reception quality. 

[0059] Thus, according to the present control method, the target SIR value can be controlled adaptively so that the 
target frame error rate is obtained. Further, since the control method is applied independently to each of the mobile 
30 stations (communicators), the control method adaptively varies depending on the number of multipath, mobile station 
velocity (phasing variation rate) and the like within the propagation path of each communicator. 

(Embodiment 2) 

35 [0060] Figs. 3A and 3B show the example 2. 

[0061] In the example 2, two target frame error rates are provided. That is, upper limit target frame error rate = T error u 
/N frame and lower limit frame error rate = T error d /N ^me are provided (Lower limit target frame error rate =i upper 
limit target frame error rate, that is, T error d ^ T error u ) 
[0062] With this control method, where 

40 

1) the measured frame error rate > upper limit target frame error rate, 

that is, N error > T error u : 

-> Target SIR is increased by A up (dB); 

2) lower limit target frame error rate^ measured frame error rate ^ upper limit target frame error rate, 
45 that is, T error d =i N error ^T error u : 

Target SIR is not altered; 

3) the measured frame error rate < lower limit target frame error rate, 

that is, N error <T errord : 

-» Target SIR is decreased by A down (dB). 

50 

[0063] This example 2 differs from the example 1 in that the target SIR is not altered where the measured frame 
error rate is between the upper limit target frame error rate and the lower limit target frame error rate. In this way, it is 
possible that the stability of the control of the target SIR increases. 

55 - (exmaple _ 3) ~ " " 

[0064] Figs. 4A and 4B show the example 3. 
[0065] In addition to 
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the upper limit frame error rate = T error u (1) /N frame and 
the lower limit frame error rate = T error d(1 /N 

frame' 

( T error. d(1) — 0" error. u(1))» 

threshold value = T error u(n) (2 ^ n ^ N), 

f T anor<d(m) (2imS = M) l 

( T error. d(M) - T error. d(M - 1) = — = T error, d (1) 

^ T error u(1) =i T error u{2) ^ ... ^ T error . U(N) ) are provided. 
[0066] The target SIR is updated according to measured N error as given below. 

10 1)N error >T error / (N) -> 

Target SIR is increased by (dB); 

2) T error U ( n + 1) S N error > T error u ( n j -» 

Target SIR is increased by A up(n) (dB) (n = 1 -N- 1); 

3) Where T error d (1) = N error = T error. u(1)> ~> 

*5 target SIR is not altered; 

4) Where T error d (m + 1) = N error = T error. d(m), 
target SIR is decreased by A down (m) (dB) 

(m = 1 toM-1); 

5 ) N error < T error. d(M)« 

20 target SIR is decreased by (M) (dB). 

[0067] According to this control method as in the case of example 2, the target SIR is adaptively corrected so that 
the frame error rate becomes a value between the upper limit target frame error rate and the lower limit target frame 
error rate or an equivalent value thereto. 
25 [0068] Further, for example, when operating condition is set to A up (n) < A up ( n - 1). ^down (m) K Adown (m +)• ff propagation 
environment is changed rapidly and the frame error rate has declined sharply (rapid increase of N error ), such change 
can be controlled quickly by raising the increase rate of the target SIR, thereby suppressing shortly the degradation 
time of reception quality. 

[0069] On the contrary, when the frame error rate rises sharply due to the change in propagation environment, thereby 
30 decreasing the target SIR quickly and minimizing, the transmission power of each mobile station. 

[0070] On the other hand, when the difference between N error and T error u (1) or T error, d (1) is small, the amount 
of correction of the target SIR can be smaller, thereby obtaining a stable reception quality . 

[Second Embodiment] 

35 

[0071] Next, the second embodiment of the present invention will be explained referring to Figs. 6 to 9A and 9B. 
(Outline) 

40 [0072] First, the outline of the present system will be explained. 

[0073] This system relates to a site diversity reception that the transmitted signal from a communicator is received 
by a plurality (= M) of stations and is further synthesized by a station of higher hierarchy. In a receiving station #m (1 
^ m ^ M), the transmission power is periodically controlled on the side of the transmitter so that SIR of the received 
signal(the ratio (#m) between the signal power and the interference power), or a target reception SIR value #m or a 

45 target reception power #m having the reception power #m. In each receiving station #m, the reception error rate #m 
such as the reception bit error rate #m or the reception frame error rate #m in each communicator (transmitter) is 
detected. 

[0074] Based on the result of the comparison between the detected reception error rate #m and the target reception 
error rate #m which is set previously by each receiving station #m, the target reception SIR value #m or the target 

50 reception power #m for the transmission power control at a receiving station is controlled for correction. 

[0075] Furthermore, in the station of a higher hierarchy, the above-mentioned correction control system for detecting 
the synthesized received error rate such as the synthesized reception bit error rate or the synthesized reception frame 
error rate is detected. The received signal from the communicator at each receiving station is synthesized by site 
diversity. Based on the result of the comparison between the detected synthesized signal reception error rate and the 

55 predetermined target synthesized reception error rate, the target reception error rate #m at each receiving station is 
controlled for correction. 

[0076] Further, when the correction control of the target reception error rate #m is performed, based on the result of 
the comparison, the amount of the correction of the target reception error rate #m at each receiving station is able to 
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variable according to the magnitude of the difference between the target synthesized reception error rate and the 
measured synthesized reception error rate. 

[0077] (The correction control method) will be explained specifically in the following. 

5 (Transmission Control) 

[0078] Fig. 6 is a flowchart showing the data processing for the transmission power control in this system. 
[0079] An example of the transmission power control of the up-link (transmission side of mobile station -» reception 
side of base station) will be explained below. 
10 [0080] In Fig. 6 t in control on the side of the base station, steps S21 to S24 show the data processing for the trans- 
mission power control. Further, steps S1 to S5 show well known transmission power control process, while the steps 
S11 to S14 show the transmission power control process mentioned in the case of the example 1 , and the explanation 
thereof will be omitted here. 

[0081] In Fig. 6, in the step 21 , each signal from the mobile station received by a plurality of base stations is demod- 
15 ulated in each base station and then is performed for processing diversity synthesis at a higher hierarchy station among 
base stations. Generally known techniques, such as the selective synthesis and maximum ratio synthesis are used as 
the diversity synthesis methods. 

[0082] In step S22, in a higher hierarchy among base stations, the frame error rate of the demodulated signal from 
the diversity-synthesized signal is measured. The measurement method of the frame error rate is the same as the 
20 explanation of Figs. 1 A and 1 B relating to the first embodiment may be used. 

[0083] Next, in step S23, the measured synthesized frame error rate and the predetermined target synthesized frame 
error rate are compared. 

[0084] Then, in step S24, the target frame error rate set for each mobile station is corrected based on the result of 
the comparison in each base station. 
25 [0085] More particularly, when the synthesized frame error rate is smaller than the target synthesized frame error 
rate, this means that the reception quality of the mobile station concerned (communicator) is excessive, and then the 
target frame error rate of each base station is increased. Therefore, the (previous) target SIR based on the transmission 
power control in the mobile station is controlled to a smaller value, thus making the reduction of the transmission power 
of the mobile station much smaller. 

30 

(Correction example) 

[0086] Next, Figs. 7A to 7C to 9A and 9B shows the examples for correcting the target frame error rate of base station 
in the transmission power control. 

35 

(example 1) 

[0087] Figs. 7A to 7C show the example 1 . T BS represents the total of threshold values of the frame error rates shown 
in Figs. 2A to 2C to 4A and 4B. As explained in Figs. 2A to 2C to 4A and 4B, the number of frame errors N error among 
40 the number of measurement frames N frame of frame error rate after being synthesized for site diversity is measured, 
and this measured value is compared with the predetermined threshold value. 
[0088] In the example 1 , comparing N error with T error , where 

1) measured synthesized frame error rate ^ 
target synthesized frame error rate, 
i.e., N error ^ T error • 

-» threshold value T BS of the frame error rate at each base station is decreased by A down ; 

2) measured synthesized frame error rate < 

target synthesized frame error rate, 

i e N < T 
i.e., error ^ i error 

-> the threshold value T BS of the frame error rate of each base station is increased by A up . 

[0089] More particularly, when the measured synthesized frame error rate is worse (larger) than the target synthe- 
sized frame error rate, the threshold value T BS of the frame error rate at each base station is decreased, thereby 
55 reducing the target frame error rate at each base station and then improving of the reception quality. 

[0090] Further, on the contrary, the measured synthesized frame error rate is better (smaller) than the target synthe- 
sized frame error rate, the threshold value T BS of the frame error rate at each base station is increased, thereby in- 
creasing the target frame error rate at each base station and then degrading the reception quality. 



9 



EP1 168 657 A2 



(example 2) 

[0091] The example 2 may be similar to the example 2 (Figs. 3A and 3B) of the first embodiment. 
5 (example 3) 

[0092] The example 3 may also be similar to the exmaple 3 (Figs. 4A and 4B) of the first embodiment. 
[0093] Above mentioned examples, each threshold value and the number of measured frames are the same symbols 
for control at each base station, but these values may be set independently from others. Further, concerning the step 
10 size A~ , the different/value may be used every the T BS at each base station. 

[0094] It is possible that target reception power (S) can be applicable as reception power instead of the target re- 
ception SIR value. / 

[0095] Further, the bit error rate can be applicable as the reception error rate instead of the frame error rate. 
[0096] In measuring the bit error rate, the method, in which the signal whose transmission pattern is known at the 
15 receiver, e.g., the pilot signal for synchronous detection can be used. Samely, in the case of encoding the error cor- 
rection, the method in which the result of decoding on the side of the receiver of the error correction code is encoded 
again and this encoded value is used as a reference signal, thereby enabling the error rate of the reception demodulation 
series 

(before decoding for error correction) to be measured, can be used. 
20 [0097] Further, in the transmission power control method according to the present invention, the same effect can be 
obtained even if the down-link is used instead of the up-link. 

[0098] As described above, according to the present invention, in a system for transmitting a signal by using a broad- 
band spread transmission system, a receiver is featured in that the reception error rate of a received signal is detected; 
the detected reception error rate is compared with a predetermined target reception error rate; the SIR (the ratio be- 

25 tween the target received signal power and the interference power) or the target reception power is corrected based 
on the result of the comparison; a transmission control signal (TPC control bit) is set so that the transmission power 
is controlled to a predetermined target value, based on the SIR or the target reception power value; whereby, 

for example, in the case of a cellular communication by using a DS-CDMA transmission system, a high-accuracy 
transmission power control system can be provided in that a constant reception quality (communication quality) can 

30 be assured regardless of the change in the propagation environment such as the number of multipath and the velocity 
of mobile station, and further regardless of the change in transmission and reception condition such as the presence 
or absence of site diversity reception, thereby enabling each communicator (mobile station) to communicate with others 
with a minimum necessary transmission power for obtaining a predetermined reception error rate depending on the 
given propagation environment and thus enabling the subscription capacity to be increased further. 

35 [0099] The present invention has been described in detail with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing 
from the invention in its broader aspects, and it is the intention, therefore, in the appended claims to cover all such 
changes and modifications as fall within the true spirit of the invention. 

40 

Claims 

1 . A transmission power control method performing a broad-band spread transmission by using a receiver, and char- 
acterized by comprising the steps of: 

45 

detecting a reception error rate of a received signal; 

comparing the detected reception error rate and a predetermined target reception error rate; 
correcting the ratio between the target received signal power value and the interference power value, or a 
target reception power value based on the result of the comparison; and 
50 settling a transmission control signal so that the transmission power can be controlled to a predetermined 

target value, based on the corrected ratio between the target received signal power value and the interference 
power value, or based on the target reception power value. 

2. The transmission power control method of claim 1 , wherein said correcting process characterized in that: 

55 - — varying the amount of correction of the ratio between the target received signal power value and the inter- 

ference power value, or the amount of correction of the target reception power value, according to the difference 
between the detected reception error rate and the target reception error rate. 
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The transmission power control method of claim 1 or 2, further characterized in that : 

when performing a site diversity reception for synthesizing the received signal at a higher hierarchy station 
after receiving transmitted signals at a plurality of stations, 

generating a synthesized signal by synthesizing the received signal by a site diversity; 
detecting a reception error rate of the synthesized signal; 

comparing the detected synthesized reception error rate and the predetermined set target synthesized recep- 
tion error rate; 

correcting the target reception error rate at each station based on the result of the comparison; and 

setting the transmission control signal so that the transmission power can be controlled to a predetermined 

target value based on the corrected target reception error rate at each station. 

The transmission power control method of claim 3, wherein, said correcting process characterized in that : 

varying the correction amount of the target reception error rate at each station, according to the difference 
between the detected synthesized reception error rate and the target synthesized reception error rate. 

A mobile communication system controlling transmission power of a transmitting signal between a base station 
and a mobile station by a wide-band spread transmission, 
and the system characterized by comprising: 

a detection means for detecting a reception error rate of a received signal from the mobile station; 

a comparison means for comparing the detected reception error rate and a predetermined target reception 

error rate; 

a correction means for correcting the ratio between the target received signal power value and the interference 
power value, or the target reception power based on the result of the comparison; 

a control means for setting a transmission control signal so that the transmission power of the mobile station 
can be controlled to a predetermined target value, based on the corrected ratio between the target received 
signal power value and the interference power value, or based on the target reception power value; 
a transmission means for transmitting the set control signal to the base station; and 

a transmission power control means for analyzing the received control signal from the base station, and con- 
trolling the transmission power based on the result of the analysis. 

The mobile communication system of claim 5, wherein the correction means characterized in that : 

varying the amount of correction of the ratio between the target received signal power and the interference 
power value, or the amount of correction of the target reception power value, according to the difference between 
the detected reception error rate and the target reception error rate. 

The mobile communication system of claim 5 or 6, further characterized in that : 

when performing a sit diversity reception for synthesizing the received signal at a higher hierarchy station after 
receiving transmitted signals at a plurality of stations, 

a generation means for generating a synthesized signal by synthesizing the received signal by the site diversity; 
a detection means for detecting a reception error rate of the synthesized signal; 

a comparison means for comparing the detected synthesized reception error rate and the predetermined set 
target synthesized reception error rate; 

a correction means for correcting the target reception error rate at each station based on the result of the 
comparison; and 

a control means for setting the transmission control signal so that the transmission power can be controlled 
to a predetermined target value based on the corrected target reception error rate at each station. 

The mobile communication system of claim 7, wherein, said correction means characterized in that : 

varying the correction amount of the target reception error rate at each station, according to the difference 
between the detected synthesized reception error rate signal and the target synthesized reception error rate signal. 

A base station controlling transmission power of a transmitting signal from a mobile station by a wide-band spread 
transmission, 

and the base station characterized by comprising: 
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a defection means for detecting a reception error rate of a received signal; 

a comparison means for comparing the detected reception error rate and a predetermined target reception 
error rate; 

a correction means for correcting the ratio between the target received signal power value and the interference 
5 power value, or the target reception power based on the result of the comparison; 

a control means for setting a transmission control signal so that the transmission power of the mobile station 
can be controlled to a predetermined target value, based on the corrected ratio between the target received 
signal power value and the interference power value, or based on the target reception power value; and 
a transmission means for transmitting the set control signal to the base station. 
w I 

10. A mobile station controlling transmission power of a transmitting signal from a base station by a wide-band trans- 
mission, and the ^mobile station 
characterized by comprising: 

15 a control signal outputted from the base station of claim 9; 

an extract means for analyzing the outputted control signal transmitted from the base station and extracting 
a transmission power control information included in the control signal; and 

a transmission power control means for controlling the transmission power so that the transmission power can 
be controlled to a predetermined target value based on the extracted transmission power control information. 

20 
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